Abstract: Enterovirus (EV) infection is a major public health issue throughout the world with potential neurological complications. This study evaluated the relationship between attention deficit hyperactivity disorder (ADHD) and EV encephalitis in children.
INTRODUCTION
A ttention deficit hyperactivity disorder (ADHD) is the most common disorder in preschool and school-aged children. 1 Although genetic factors account for 80% of the etiology of ADHD, 2 multiple pre-, peri-, and postnatal factors can result in ADHD. Numerous experimental and clinical studies have correlated the sites of brain damaged with the symptoms of inattention and hyperactivity. 3, 4 Recent studies have indicated that there may be a relationship between individuals suffering from ADHD and traumatic brain injuries 5 and an association with seasonally mediated viral infections 6, 7 , including HIV, enterovirus (EV) 71, and varicella zoster encephalitis. [8] [9] [10] EV infections are a significant cause of morbidity and mortality worldwide. 11 The EV genus is part of the picornavirus family and includes notable members such as poliovirus, coxsackievirus, and EV71. Diseases caused by EV are not restricted to poliomyelitis; nonpolio EVs are known to target the central nervous system (CNS) and are responsible for numerous clinical manifestations including encephalitis and meningitis. 12 Several previous large studies on encephalitis cases have found that EVs are among the major known causes of encephalitis. 12, 13 EV encephalitis generally has a favorable prognosis 14 ; however, in 1998, an epidemic of hand-foot-and-mouth disease caused by EV71 affected thousands of children in Taiwan. 15 The primary neurological complication was rhombencephalitis, which had a fatality rate of 14%. In 2000, the Taiwan centers for disease control developed a disease management program that had effectively controlled EV infection and reduced impacts of the disease to the society. 16, 17 However, long-term sequelae of neuropsychiatric problems have remained a major concern. In a recent study, Gau et al 18 examined the outcome of 86 children who had neurological complications because of EV71 infections during the Taiwan epidemic and found that the prevalence of symptoms related to ADHD was 20%, whereas among matched control subjects, it was only 3%. Based on our review, the data on the long-term neurological outcomes of children with EV encephalitis are limited. Most related studies have estimated the outcomes by using clinical follow-up assessments at outpatient clinics 19, 20 and structured questionnaires. 21 In addition, most studies have been conducted in clinical settings and have not included large populations. The current study investigated the relationship between ADHD and EV encephalitis by using population-based data from the Taiwan National Health Insurance Research Database (NHIRD), based on the hypothesis that EV encephalitis increases the risk of ADHD.
METHODS

Data Source
In 1995, the Taiwan government launched the Taiwan National Health Insurance program, which is a nationwide single-payer health insurance program that covers >99% of Taiwan's 23 million residents since 1998. The National Health Research Institute (NHRI) created and manages the NHIRD, which contains all historical reimbursement claims data. The NHRI encrypted all personal identification information to protect patient privacy before releasing the data for research. This study was approved by the Ethics Review Board at China Medical University (CMU-REC-101-012).
The Longitudinal Health Insurance Database (LHID) was used for this research. The LHID is a subset of the NHIRD. The NHRI randomly sampled 1 million beneficiaries from the NHIRD; the sample comprised annual reimbursement claims records, which included medical service records and information on the sex, date of birth, and occupation of the beneficiaries. According to an NHRI report, the age and sex distributions were similar between the LHID and the NHIRD. Because the identification information is encoded, the NHRI provided anonymous identification numbers for each patient's claims data.
In NHIRD, all disease records of the insured subjects were written in outpatient (including emergency department visits) and inpatient files. The disease history of the study population was collected from these files. The disease diagnosis in the NHIRD is based on the criteria of the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM).
Study Population
This study was a population-based case-control design. Children aged <18 years who were diagnosed with ADHD (ICD-9-CM 314) from 2006 to 2010 were selected for the ADHD group of this study. The NHIRD recorded the disease diagnoses by using the ICD-9-CM. [22] [23] [24] The index date of the ADHD group was the date of ADHD diagnosis. The 10-fold control group was selected and frequency-matched according to age (every 3 years), sex, urbanization level, and parents' occupation. The date of the control was the month and index year of the matched case.
The risk factor assessed was EV infection (ICD-9-CM 074, 047, and 048). The ICD-9-CM codes are as following: 047 (meningitis due to EV); 048 (EV disease of CNS); and 074 (specific diseases due to Coxsackie virus). We collected data on EV infections before the index date. The EV infections were categorized according to severity. A severe EV infection was defined as EV infection combined with encephalitis (ICD-9-CM 323.0, 323.4, 323.9) within 1 month of infection. Children who were infected only with EV were defined as having a mild EV infection, that is, infection but without complication of encephalitis. We also calculated the frequency of EV infections diagnosed before index date and grouped into 4 levels: none, <4 times, 4 to 5 times, and 36 times.
The urbanization level was defined according to several indices including the population density (people/km 2 ), population ratio of different educational levels, population ratio of elderly people, population ratio of agricultural workers, and number of physicians per 100,000 people. 25 Urbanization was categorized into 4 levels, with Level 1 being the highest degree of urbanization and Level 4 the lowest. Parental occupation was classified as white collar (those working most hours indoors, such as institutional workers, office workers, and civil service employees), blue collar (those working most hours outdoors or as industrial laborers, farmers, fishermen, and factory workers), or other (eg, retired).
Statistical Analysis
The distribution of demographic factors and cases of EV infection were presented as a number and percentage. The difference in the demographic distribution between the case and the control groups was examined using the chi-squared test. To demonstrate the risk of ADHD for children with and without EV infection, we estimated the odds ratios (ORs) and 95% confidence intervals (CIs) by using an unconditional logistic regression model. The logistic regression was also applied to the stratified analysis to assess the ADHD risk for subjects with different demographic factors.
Data management and statistical analysis were performed using SAS 9.3 software (SAS Institute, Cary, NC). The significant level was set at less than 0.05 for two-sided P values.
RESULTS
The study population consisted of 2646 children diagnosed with ADHD and 26,460 children without ADHD ( Figure 1 , Table 1 ). All types of EV virus were included in the study. Over 98% of the subjects were older than 6 years and 77% were male. Most of the subjects (66.1%) lived in areas of high-level urbanization (Levels 1 and 2) and most parental occupations were white-collar workers. The mean of the duration from the initial EV infection to ADHD diagnosed was 6.1 years (standard deviation ¼ 2.4 years).
Nearly 47% of the children with ADHD had EV infection. The proportion of subjects who had EV infection in the control group (43%) was lower than that in the ADHD group (Table 2) . Compared with the children without EV infection, the children with EV infection had a 1.17-fold increased risk of ADHD (OR ¼ 1.17, 95% CI ¼ 1.08-1.26). Compared with the children without EV infection, the children with mild infection had a 1.16-fold increased risk of ADHD (OR ¼ 1.16, 95% CI ¼ 1.07-1.26), and the children with severe EV infection had a greater risk of ADHD (OR ¼ 2.82, 95% CI ¼ 1.05-7.57). We also observed a trend that the ADHD risk was increased with severity of the EV infection (P for trend ¼ 0.0001). Compared with the individuals without EV infection, the individuals with <4, 4 to 5, and 36 times EV diagnosis had a 1.14-fold (95% CI ¼ 1.05-1.25), a 1.22-fold (95% CI ¼ 1.04-1.43), and a 1.29-fold (95% CI ¼ 1.06-1.56) increased risk of ADHD, respectively. The results revealed that the ADHD risk was increased with increased frequency of EV infections. Table 3 shows the ADHD risk of children with and without EV infection, stratified according to different demographic factors. The children with EV infection were significantly associated with an increased risk of ADHD compared with the children without EV infection (with different status of demographic factors except for the following: female, lived in rural areas, and nonwhite-and nonblue-collar parent occupation).
DISCUSSION
ADHD is a neurobiological syndrome with an estimated prevalence of 5% among children and adolescents. 26 The specific genes may be responsible for most causes of ADHD. However, other risk factors for ADHD may influence brain development and functioning such as acquired brain injury due to trauma or disease. Identifying the risk factors for ADHD is necessary for implementing prevention strategies.
This study found that patients with EV encephalitis have an increased risk of developing ADHD (OR ¼ 2.82, 95% CI ¼ 1.05-7.57). This result is consistent with that of a previous study on encephalitis, that early childhood is associated with behavioral and psychotic disorders. 27 A Swedish national cohort study on 1.2 million children used Swedish national registers to retrieve data on hospital admissions for CNS infections, revealing a slightly increased risk of nonaffective psychotic illnesses and schizophrenia associated with viral CNS infections. In addition, some serotypes, such as EV71, are associated with severe diseases and outcomes, as well as an increased prevalence of hyperactivity/impulsivity and attention deficit/hyperactivity. 17 Recently, Michaeli et al 28 reported that acute encephalitis in children may lead to significant long-term neurological sequelae; in their study, 50% of the patients suffered from ADHD and 20% suffered from learning disabilities.
The pathogenesis of EV encephalitis is diverse and not completely understood. Immune responses to viral infections produce various cytokines. The clinical presentation of EV encephalitis seems to be caused by a hyperinflammatory syndrome resulting from hypercytokinemia and CNS inflammation of various inflammatory mediators. 29, 30 Children with CNS infection may suffer from inattention, hyperactivity, and impulsivity when the prefrontal lobe and its connection to the striatum, parietal lobe, cerebellum, and other circuits are involved. 31 They may also suffer from emotional problems when the function of brain areas such as the amygdala and nucleus accumbens is affected. 32 Using a population-based study with high representation under the single-buyer of the government in Taiwan and including a very large sample size are the strengths of this study. In addition, the diagnoses in the NHIRD are highly reliable because of strict survey by qualified specialists and under peer review. However, there are some study limitations: no detailed data of subjects' lifestyle, habits, body mass index, physical activity, socioeconomic conditions, or family history; the quality of a cohort study is lower than that of a randomized trial; the NHI claims are not for studies' purposes and lack of the identified numbers to directly contact the study subjects.
In conclusion, our results show that patients with EV encephalitis are associated with a higher prevalence of ADHD. Although most EV encephalitis in children have a favorable prognosis, there may be significant long-term neurological sequelae even in children who were considered fully recovered at discharge. Neuropsychological testing should be recommended for survivors of childhood encephalitis. The causative factors between ADHD and the increased risk of EV encephalitis require further investigation. 
